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ABSTRACT
POTENTIAL METHANE PRODUCTION AND OXIDATION IN SHALLOW- 
WATER ADAPTED WETLAND PLANT COMMUNITIES: 
INVESTIGATING A DIVERSITY-FUNCTION RELATIONSHIP
by
Lindsay O ’Reilly 
University of New Hampshire, May, 2007 
The goal of this research was to understand how plant diversity affects 
methane production and oxidation in wetlands. We sampled soils from two 
natural and two created freshwater wetlands in central Ohio and measured 
methane production and oxidation potentials in the laboratory. Soil sampling plots 
were selected to represent the range of plant diversity in each wetland. In the two 
natural wetlands, maximum methane production potentials were 1.5 and 7.9 ng 
CH4 g' 1 h'1, and oxidation potentials were 41.3 and 25.8 ng CH4 g' 1 h'1. In the two 
created wetlands, maximum production potentials were 0.3 and 0.7 ng CH4 g"1 h' 
1, while oxidation potentials were 8.1 and 4.3 ng CH4 g' 1 h'1. Natural wetlands 
had greater methane oxidation (P < 0.0001) than created wetlands and these 
rates increased with soil moisture (P = 0.05, BF; 0.01, CA) and organic matter (P  
= 0.02,BF; 0.02, CA). Natural wetlands had greater soil moisture than created 
wetlands (P  <0.0001). There was no relationship between plant diversity and 
methane production and oxidation potentials. However, there were important 
differences in soil properties between natural and created wetlands. Therefore,
x
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the creation of mitigation wetlands must still account for soil properties and 
processes mediated by the soil microbial community in order to attain functional 
equivalence, which may be more difficult to restore on shorter time-scales than 
plant diversity. This is a particular concern because the amount of time needed to 
restore wetland function is unknown, yet short-term monitoring is common 
practice while long-term monitoring is rare and not obligatory.
XI
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CHAPTER I
INTRODUCTION
Human activities have dramatically altered global biodiversity due to 
widespread species extinction, loss of native biodiversity, and the introduction of 
invasive and exotic species. Furthermore, demands on land use and natural 
resources have threatened entire ecosystems and the integrity of their function. 
Such changes have sparked concern for the consequences of anthropogenic 
impacts on biodiversity, biogeochemical cycling of nutrients and the goods and 
services ecosystems provide.
The relationship between biodiversity and ecosystem functioning has 
become a source of research and debate in the last decade. While it is well 
represented in the scientific literature that the functional characteristics of 
species, as well as species richness, can strongly influence ecosystem 
properties, there is continued uncertainty over the mechanism to explain these 
results (Hooper et al. 2005). The controversy this has incited is due to various 
interpretations of results, and differing results between field experiments and 
those in controlled environments.
Two mechanisms that have emerged are local deterministic processes, 
such as niche differentiation and facilitation, and local and regional stochastic 
processes, such as community assembly and random sampling (Loreau et al. 
2001). Niche differentiation describes the increased functionality of communities
1
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of species, versus the performance of one species alone. Species with specific 
growth requirements are better able to avoid competition with their neighbors, 
thus maximizing the functionality of the community as a whole. The random 
sampling theory postulates that more diverse communities have a higher 
probability of containing highly productive species. Thus, the role of one species 
in a community may be mistakenly identified as an effect of the overall 
community diversity.
However, there is disagreement within the scientific community as to 
whether or not sampling effects apply to natural ecosystems. On one side of the 
debate, sampling effects may just be artifacts of experimental designs, due to the 
assumption that communities are random assemblages of species while 
communities may in fact be nonrandom due to selective forces in nature (Hooper 
et al. 2005). In controlled experiments, species are often randomly selected form 
a total species pool. While these assemblages can be used to measure function 
along a plant diversity gradient, they may be artificial and irrelevant when placed 
in the context of natural ecosystems. On the other side, sampling effects may 
simply be an alternative mechanism by which plant diversity can influence 
function, since there are many factors that can influence species community 
composition (Hooper et al. 2005). Greater attention should be given to the 
functional significance of species used in community assembly experiments, 
while there must also be greater focus on a diverse array of natural ecosystems. 
Furthermore, conclusions from grasslands should not be generalized across
2
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ecosystems, nor should aboveground processes be the other measure function. 
More attention must be given to belowground processes in a wide variety of 
ecosystems. Wetland ecosystems are a prime candidate for further research, 
given that there has been little application of diversity-funotion research to 
wetlands despite their critical decline.
Wetland ecosystems are well known for their high productivity and 
important ecological services. These services include flood protection, water 
quality improvement, high biological productivity, habitat that supports diverse 
wildlife, and recreational and educational opportunities (Wilson et al. 1999,
Zedler etal. 2005 ). Throughout history, wetlands have been drained and filled 
for the purposes of development, agriculture, and mosquito control (Zedler et al. 
2001). However, in recognition of these functions many wetlands are protected 
under Section 404 of the federal Clean Water Act. Federal laws have upheld a 
policy of no net loss of wetland area or function since 1990 (Zedler et al. 2001). 
These laws require the replacement of wetland functions as well as acreage that 
have been destroyed due to human activity. Yet, restored wetlands do not exhibit 
or maintain the same functional or physical characteristics as the natural 
wetlands they replace (Zedler et al. 2001, Campbell et al. 2002, Hornyak et al. 
2003, Hoeltje et al. 2007). This includes functions such as methane production 
and oxidation, carbon mineralization, and features such as organic matter 
. content, texture, plant species richness, and macrophyte diversity (Zedler et al.
3
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2001, Joabsson etal. 2001, Engelhardt and Richie 2001, Campbell et al. 2002, 
Vann and Megonigal 2003, Bouchard et al. in review).
Methane production is performed by methanogenic bacteria in the 
anaerobic depths of the soil. As much as 90% of this methane may be consumed 
by methanotrophic bacteria when it enters the aerobic soil zone. Therefore, 
methane production and oxidation represent a dynamic balance that ultimately 
results in methane emission to the atmosphere. Plants contribute to this balance 
by providing carbon substrates to methanogens through root exudation and root 
turnover, and by providing a source of oxygen to methanotrophs (Gilbert and 
Frenzel 1995, Calhoun and King 1997, Saarnio et al. 2004). Plants are also 
involved in the export of methane to the atmosphere by directly transporting 
methane from the root-zone, thus by-passing the oxidized zone where methane 
consumption occurs (Sorrell etal. 1997, Smith etal. 2003, Purvaja etal. 2004).
The contribution of methane to the atmosphere is of particular concern 
because wetlands are the main source of natural emissions and methane is a 
potent greenhouse gas. While methane is second to carbon dioxide in terms of 
its atmospheric pool, its global warming potential is 23 times as great as carbon 
dioxide (Bridgham et al. 1995, Zedler and Kircher 2005). Wetlands are the single 
largest natural source of methane to the atmosphere, contributing an estimated 
100-230 Tg CH4 y r1 (Christensen et al. 2003, Schindell 2004). Freshwater 
wetlands may account for 25-40% of the total natural global emission (Bartlett 
and Harriss 1993). Despite the significance of freshwater wetlands as a source
4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of methane, continuing uncertainty about sediment methane production and 
oxidation stresses the need for further research of belowground processes. This 
task is particularly complex in vegetated wetlands due the number of feedbacks 
between plants and bacteria and the number of transport pathways plants 
provide (Chanton and Dacey 1991).
Macrophyte diversity in wetlands is known to be important for supporting 
diverse wildlife by providing a greater variety of food sources and habitat (Denny 
1994, Kent 1994, Zedler et al. 2001). However, the impact of macrophyte 
diversity on microbially-mediated processes, such as methane production and 
oxidation, is unknown. Previous studies have measured highly variable rates of 
methane production in sediments (Chanton and Dacey 1991, Sorrell and Boon 
1994, Sorrell etal. 1997). Plants can increase sediment redox by releasing 
oxygen from their roots and transpiration, or decrease it by contributing to soil 
organic matter (Dacey and Howes 1984, Armstrong et al 1992, Whiting et al. 
1996, Sorrell etal. 1997, Segers 1998). Plants provide soil microorganisms with 
a source of organic matter, which builds up reducing conditions, while oxygen 
from plant roots increases oxidizing conditions.
Methane cycling may change depending on the presence or absence of 
important wetland plant functional groups. Thus, it is necessary to understand the 
contribution of functional group diversity to wetland ecosystem function. 
Functionally important species can significantly affect methane emissions by 
influencing substrate availability (Sorrell et al. 1997). Boutin and Keddy (1993)
5
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developed a functional classification of wetland plants in which they designated 
wetland plants species into five main groups: clonal dominants, tussocks, reeds, 
facultative obligates, and facultative annuals.
These functional groups are based upon distinct differences in growth 
strategies, habitat use, and tolerance of environmental stress. Clonal dominants 
spread clonally, with deep, massive belowground structures that account for a 
high belowground to aboveground biomass ratio. In contrast, tussocks have a 
more clumped growth form, and with shallow rooting depth and more compact 
belowground structure. Reeds consist of plants with numerous leafless shoots. 
Species within the facultative annuals functional group tend to flower in their first 
growing season, but have little lateral spread to their vegetative growth. Unlike 
clonal dominants, they have a low belowground to aboveground biomass ratio. In 
contrast, facultative obligates do not flower in their first year, but tend to devote 
their growth towards aboveground structures and have numerous short stems. 
These growth strategies also reflect competitive strategies and habitat use that 
contributes to the zonation of wetland plants.
The role of diversity appears to be strongly impacted by the presence or 
absence of aggressive species (Buttery et al. 1965). In a mesocosm experiment, 
Bouchard et al. (unpublished data) found that when species of clonal dominants 
were present they out-competed other plants and decreased the overall effective 
functional diversity. Therefore it is particularly important to understand wetland 
ecosystem function under different community composition scenarios.
6
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The goal of this research was to examine how plant diversity affects 
methane production and oxidation in wetlands. To achieve this goal, potential 
methane production and oxidation were measured and compared across four 
freshwater wetlands. Sampling locations were selected based on plant species 
richness, in areas where clonal dominants do not predominate. These 
communities are typically present around the wetland perimeter, where water 
levels tend to fluctuate and plants are not adapted to deep-water conditions. A 
secondary objective was to compare methane production and oxidation potential 
between created versus natural wetlands.
I hypothesized that methane production and oxidation potentials would 
increase as plant diversity increased. High diversity communities may also foster 
greater root production, thus resulting in greater methane oxidation potential.
Due to the complex interplay of wetland variables, differences between sites and 
soil characteristics are expected to be important determinants of function as well. 
For example, increased plant production promotes greater carbon inputs to the 
soil, thus increasing substrate availability to the methanogen community. Yet, 
increased plant production could also result in greater oxygen transport to roots, 
thus increasing methane oxidation.
7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II
METHODS
Field Sampling . Soils were collected from four freshwater wetlands in central 
Ohio, two natural and two created (Table 1). At each site, 15 to 18 plots were 
selected to represent the range of plant diversity for each wetland (Table 1). 
Control plots were also established with no vegetation, where possible. Plots 
were delineated by soil collars, clear plastic storage containers (59.7 cm x 41.3 
cm x 31.1 cm) that were installed at least a week before sampling to minimize 
disturbance. Sampling sites were located around the wetland perimeter, in fringe 
communities where plants are not frequently flooded or for long durations. While 
flooding events may occur, there was no standing water at any of the sampling 
locations when this study took place.
Aboveground vegetation was clipped at ground level from each plot, an 
area of 0.22 m2, for plant identification and quantification of aboveground 
biomass (Schultz unpublished data). Aboveground biomass was sorted by 
species and oven dried in paper bags for 72 hours at 55°C. The dry weight was 
used to calculate the Shannon diversity index (H’) for each plot (Schultz, 
unpublished data). This index is used to account for differences in both species 
richness and eveness. Plants with greater than 5% dominance of the total 
aboveground biomass measured were classified by functional group, according
8
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to the methods of Boutin and Keddy (1993). The five functional groups included 
clonal dominants, tussocks, reeds, facultative annuals, and facultative obligates.
Two soil cores were collected per plot (5 cm diameter) and divided by 
upper (0-10 cm) and lower (10-30 cm) depths. The upper soil was collected using 
a tulip bulb corer and the lower soil with a hand-driven auger. Soil cores were 
bulked by depth, homogenized and subsampled in the lab within five days of 
collection. Approximately 200-300 g of soil from each plot was placed in air-tight 
polyethelene bags, and shipped back to the University of New Hampshire in 
chilled coolers. The soils were stored at 4°C until analysis, which occurred within 
four months of collection.
Soil Incubations. Methane production and methane oxidation potentials were 
determined from anaerobic and aerobic incubations, respectively. Soils were 
incubated in pint-sized, wide mouth mason jars with modified lids fitted with 
rubber septa for periodic sampling of headspace gas. The rubber septa were 
sealed into the lid with silicone and tested to ensure they were air-tight. 
Headspace samples were removed via a needle and syringe fitted with a luor-lok. 
Because the needle compromised the rubber septa, septa were periodically 
replaced. Headspace samples were injected into evacuated storage vials and 
refrigerated at 4°C for no more than two weeks, until they could be analyzed for 
CH4 and CO2 concentrations.
Soils for methane production potential were prepared in an anaerobic N2- 
filled glovebox to ensure that soils were exposed to as little oxygen as possible
9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
during processing. Subsamples (10 g ± 0.1 g) were placed into plastic specimen 
cups, mixed with 10 ml deionized water by swirling, and placed in mason jars.
The mason jars were sealed tightly before being removed from the anaerobic 
chamber. Samples were promptly placed in a 25°C incubator. The following day 
all jars were flushed with N2 to remove oxygen and returned to the incubator until 
headspace sampling occurred at 24, 48, 72, and 96 hours.
Soils for methane oxidation potential were prepared aerobically. 
Subsamples (10g ± 0.1 g) were placed into a plastic specimen cup, mixed with 10 
ml deionized water, and stirred well to form a slurry. The suspensions were 
placed in sealed mason jars on a shaker table overnight. The following morning, 
the mason jars were flushed with compressed air, sealed tightly, amended with 
methane (final jar concentration of 10,000 ppm), and returned to the shaker table 
until headspace sampling at 4, 8 ,12 , and 24 hours.
In order to maintain the pressure within the mason jars, either N2 gas 
(production potentials) or ambient air (oxidation potentials) was added at each 
headspace sampling to offset the sample volume that was removed. Twenty ml 
of N2 or ambient air were added to each jar and mixed by pumping the syringe 3 
times. A 20 ml sample was then removed and placed in an evacuated 20ml vial 
for storage. Triplicate samples of N2 or ambient air were used as a correction to 
account for the dilution of the headspace gas each time a sample was removed. 
Triplicate blanks were used to account for background gas concentration. Blanks 
consisted of 20 ml of Dl water and were treated the same as soil samples, with 
headspace samples taken only at time zero.
10
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Sample Anavlsis. All samples were analyzed for CH4 concentration using a 
Shimadzu 8A gas chromatograph equipped with a flame ionization detector (GC- 
FID, Shimadzu GC-14A). A carrier gas of Ultra High Purity Nitrogen (UHPN2 ) 
was used to transport the sample through an analytical separation column (2 m x 
1/16” OD stainless steel packed with HayeSepQ, held isothermally at 50°C), 
following the method of Treat etal. (2007). Methane oxidation and production 
rates (and CO2 respiration rates) were calculated as ng CH4 g'1 soil hr'1 (ng C 02  
g'1 soil hr'1). Low production and oxidation rates were changed to zero if the 
measured rate was not significantly different from zero. This was determined with 
Systat, using 95% confidence limit.
Soil Analysis. Soil moisture was gravimetrically determined. Soil pH was 
determined in water (1:1 weight: volume) using a Corning 430 pH meter. Organic 
matter content was determined by loss on ignition. A 5.0-10.0 g soil sample was 
dried overnight at 110°C to determine its dry weight. Samples were then placed 
in a muffle oven (400°C) to burn off all organic matter and determine the ash 
weight from what remained.
Data Analysis. Nonparametric statistics were used for data analysis due to low 
power and nonnormal distributions. Regression analyses were performed using 
Systat software (Systat Software 2000). Analysis of variance (ANOVA), least- 
square means, and correlations were performed using SAS (SAS Institute 1999).
11
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Regression analysis for methane production and oxidation potential was 
performed using Systat, to ensure that changes in methane concentrations over 
time were significantly different from zero. Rates that were not significantly 
different from zero were considered as having no methane production or 
oxidation. The Shannon diversity index was used in the regression analysis to 
test the hypothesis that methane production and oxidation potentials will increase 
with plant diversity. Non-parametric statistics were performed using SAS.
Analysis of variance (ANOVA) was used to check for significant differences in 
dependent variables (methane production and oxidation potential, aboveground 
biomass, Shannon diversity, soil moisture, organic content, pH) when grouped by 
categorical data (site, soil depth, wetland type). Least-square means Tukey- 
Kramer test were used to check for interactions between wetland soil depths and 
wetland site or type. SAS was also used to check for correlations between 
variables.
12
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County Longitude Latitude Sampling Plant
Plots Species
Knox 40° 16' 08” 82° 16' 59” 18 46
Marion 40° 34' 17” 83° 17' 11" 16 21
Pickaway 39° 35' 02” 82° 59' 53” 15 22
Franklin 40° 00’ 25” 83° 10’ 11” 17 27
CHAPTER III
RESULTS
Site Characteristics. Soil characteristics (soil moisture, organic matter content, 
and pH) differed between the four wetlands used in this study. These 
characteristics also differed between the two soil sampling depths, 0-10 cm and 
10-30 cm. In the natural wetlands, Ball Field and Calamus soils had an average 
of 167% and 164% moisture at 0-10 cm and 137% and 84% at 10-30 cm, 
respectively (Table 2). Comparatively, in the created wetlands, average soil 
moisture at Big Island and Clover Groff was 32% and 21% at 0-10 cm and 31%  
and 20% at 10-30 cm, respectively. Soil moisture was significantly different 
between the two sampling depths (Table 3, P  = 0.02) and between created and 
natural wetlands (P < 0.0001), with mean soil moisture being significantly greater 
at 0-10 cm than 10-30 cm.
Similarly, Ball Field and Calamus soils had the highest organic matter 
content: 22% and 33% at 0-10 cm and 18% and 17% at 10-30 cm, respectively. 
Organic matter content at Big Island and Clover Groff soils was 9% and 5% at 0- 
10 cm and 7% and 4% at 10-30 cm, respectively. Thus, in addition to having 
significantly greater soil moisture, natural wetlands also had significantly greater 
organic matter content. Soil pH was lower in the natural wetlands, with Ball Field 
and Calamus having pH levels of 6.65 and 6.07 at 0-10 cm and 6.70 and 6.59 at
14
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10-30 cm, while Big Island and Clover Groff had higher pH levels of 7.14 and 
7.88 at 0-10 cm and 7.42 and 8.09 at 10-30 cm.
Aboveground plant community characteristics differed between the four 
study sites as well. Ball Field had an average aboveground biomass of 300 gdw 
m'2 and the highest Shannon diversity index at 1.15 (Table 4). At Calamus, 
aboveground biomass averaged 168 gdw m'2, with a Shannon diversity of 0.89. 
Big Island aboveground biomass averaged 279 gdw m'2, with a Shannon 
diversity of 0.89. Clover Groff had the highest aboveground biomass, 480 gdw m' 
2, with a Shannon diversity index value of 0.89.
While a range of plant species were represented at each site, some plant 
species were common while others were rare. When species that accounted for 
greater than 5% of the total aboveground biomass were categorized by functional 
groups, it became evident that certain species or functional groups predominate 
at each wetland. At Calamus, Iris versicolor accounted for 61 % of the total 
aboveground biomass, while the other species with greater than 5% dominance 
ranged from 9% to 5% (Table 5). At Clover Groff, Carex vulpinoidea was the 
most dominant species, which accounted for 34% of the total aboveground 
biomass while the other species with greater than 5% dominance ranged from 
6% to 12%. Similarly, Leersia orizoides accounted for 33% of the aboveground 
biomass at Big Island while the other species with greater than 5% dominance 
ranged from 25% (Carex vulpinoidea) to 5% (Table 5). At these three sites, the 
most dominant species was categorized by the tussocks functional group and
15
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there were no species of facultative annuals or facultative obligates that had 
greater than 5% of the total aboveground biomass. At Ball Field, only the reeds 
functional groups had more than 5% of the total aboveground biomass, and there 
was no single species that was highly represented. The range of aboveground 
biomass of species with greater than 5% dominance was 17% to 8% at this site.
While a range of plant diversity was represented at each site, there was 
no significant difference in Shannon diversity among wetlands (Table 3 P  =
0.59). There was a significant difference in aboveground biomass between sites 
(P = 0.007), with Clover-Groff having significantly greater aboveground biomass 
than Calamus (P = 0.003).
16

















Natural Ball Field (BF) 
Calamus (CA)
0 - 1 0  cm 
10-30 cm 














Created Big Island (Bl) 
Clover-Groff (CG)
0 - 1 0  cm 
10-30 cm 















table 2. Soil moisture, organic matter content, and pH for each site and depth. Values are means with standard 











Methane Methane Soil Organic pH Aboveground Shannon
Production
ng CH4 g soil' 1 h' 1
Oxidation
ng CH4g soil' 1 h' 1
Moisture
g g soil' 1
Matter





Site 1.25 ns 15.81*** 1 2 1 .0 0 *** 75.28*** 151.52*** 4.49 ** 0.65 ns
Depth 1 .2 1  ns 3.31 ns 5.78* 16.19** 18.31** ND ND
Site * Depth 0.24 ns 0.96 ns 0 . 1 2  ns 0.94 ns 0.04 ns ND ND
table 3. Result of rank ANOVA performed in SAS. Values are F-values. ‘ns’ indicates no significant difference. Asterisks 
indicate the level of significance: * P < 0.05, ** P  < 0.001, *** P  = 0.0001.
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Site Shannon Diversity Aboveground
H’ Biomass
gdw m' 2
Natural Ball Field (BF) 1.15(0.14) 300.45 (38.82)
Calamus (CA) 0.89 (0.15) 167.59 (34.18)
Created Big Island (Bl) 1.04 (0.11) 278.77 (20.14)
Clover-Groff (CG) 0.88 (0.11) 480.32 (86.45)
table 4. Aboveground biomass and Shannon Diversity for each site and depth. 
Values are means with standard errors given in parentheses. (Data from Schultz, 
unpublished).
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Functional Group Ball Field % Calamus % Big Island % Clover-Groff %
Clonal
dominants
Typha angustifolia 17.1 Polygonum sp. 9.4 Lycopus americanus 8.3 Scirpus atrovirens 6.0















































table 5. Species that accounted for 5% or more of the total aboveground biomass collected in each wetland. The 
number of species indicates how many species were identified in each wetland. Species that accounted for at least 
5% of the total aboveground biomass (gdw m'2) were categorized by functional groups established by Boutin and 
Keddy 1993. (Data from Shultz, unpublished).
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Methane Production and Oxidation Potentials. Measured rates of potential 
methane production and oxidation were variable across a range of plant diversity 
and there was no trend in methane production or oxidation across the diversity 
gradient (Fig. 1 and 2). In exception, a relationship between methane production 
and plant diversity was detected at Big Island (Fig. 3 P  = 0.03, r2 = 0.36). 
Production potentials were low for all sites. The maximum rate was 1.5 ng CH4 g' 
1 h~1 at Ball Field, 7.9 ng CH4 g' 1 h' 1 at Calamus, 0.3 ng CH4 g' 1 h' 1 at Big Island, 
and 0.7 ng CH4 g' 1 h' 1 at Clover Groff (Table 6 ). Methane production potential 
was not significantly different between created versus natural sites (Table 3), due 
to low rates at all sites and high variability. Maximum oxidation rates were 41.3 
ng CH4 g' 1 h' 1 at Ball Field, 25.8 ng CH4 g' 1 h" 1 at Calamus, 8.1 ng CH4 g" 1 h' 1 at 
Big Island, and 4.3 ng CH4 g' 1 h"1 at Clover Groff (Fig 2). There was a significant 
difference between created and natural wetlands, with the natural sites oxidizing 
80.54% more methane on average than the created sites.
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•  BF 0.17,0.05 
OCA 0.55, 0.01 
&BI 0.03,0.36 
ACG 0.93, 0.01
0 0.5 1 1.5 2 2.5
Shannon Diversity H'
figure 1. Relationship between plant diversity and methane production potential. 
Values in legend are p-values and r2 results from regression analysis (P, r2).
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•  BF 0.84, 0.0004 
OCA 0.09, 0.06 








figure 2. Relationship between plant diversity and methane oxidation potential. 






1.40 1.601.00 1.200.40 0.60 0.800.00 0.20
Shannon Diversity H'
figure 3. Relationship between plant diversity and methane production potential 
at Big Island. Values in legend are p-value and r2 results from regression 
analysis (P, r2).
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Because rates of methane production potentials were low for all sites and 
soil depths, there were no significant differences in methane production among 
wetland sites (P = 0.30) or soil depths (P = 0.27). There was also no difference 
in methane oxidation potential between soil depths (Table 3 P  = 0.07). However,
there was a significant difference in methane oxidation p ntial between wetland
sites (P < 0.0001). There was no interaction between site and soil depth for 
methane production or oxidation (Table 3). There were no significant differences 
in methane oxidation within natural wetlands (BF, CA; P = 0.50) and within 
created wetlands (Bl, CG; P = 1.0); but there was a significant difference 
between these wetland types. Natural wetlands had significantly greater rates of 
methane oxidation potential (Table 6 P < 0.0001).
23











Methane Production Methane Oxidation
Type Site Soil Depth ng CFUg soil'1 h'1 ng ChUg soil'1 h'1
Natural Ball Field (BF) 0-10 cm 0.32(0.12) 11.10 (2.54)
10-30 cm 0.20 (0.09) 9 .10(2.15)
Calamus (CA) 0-10 cm 1.46 (0.74) 9 .14(2.25)
10-30 cm 0.20 (0.09) 4.84 (1.12)
Created Big Island (Bl) 0-10 cm 0.06 (0.03) 2.20 (0.70)
10-30 cm 0.03 (0.02) 1.36 (0.67)
Clover-Groff (CG) 0-10 cm 0.15 (0.05) 1.86 (0.48)
10-30 cm 0.05 (0.03) 1.26(0.56)
table 6. Methane production and oxidation potentials for each site and depth. Values are means with standard 
errors given in parentheses.
Correlations between Methane Rates and Site Characteristics. There was no
significant correlation between methane production and aboveground biomass 
for any site (Fig 4). However, there was a significant correlation between 
aboveground biomass and methane oxidation for Ball Field (P = 0.02, r2 0.28), 
though the relationship only explained 28% of the variability in the methane 
oxidation data (Fig 5). There was no relationship between methane oxidation 
and aboveground biomass for Calamus (P = 0.90), Big Island (P = 0.45) or 
Clover-Groff (P =0.14).
In the natural wetlands, methane oxidation rates increased significantly 
as soil moisture increased (Fig 6, BF P = 0.05, C A P  = 0.01). These sites also 
had significantly greater soil moisture than the created wetland sites (Table 5, P 
< 0.0001). While there was no significant difference in soil moisture or methane 
oxidation rates between Ball Field and Calamus (Table 2, 6. P = 0.50, 0.99), 
both Ball Field and Calamus had greater oxidation and moisture rates than Big 
Island (BF P < 0.0001, < 0.0001; CA P = 0.001, < 0.0001) and Clover-Groff (BF 
P < 0.0001, < 0.0001; CA P = 0.0005, < 0.0001) (Table 2, 6).
A similar relationship was also evident between methane oxidation 
potential and organic matter content increasing as organic matter increased 
(Fig 7). Again, this relationship was significant for only the natural wetlands (Fig 
7 BF P = 0.02, CA P = 0.02). Furthermore, there was a significant relationship 
between soil organic matter and soil moisture (Fig 8). Soil moisture and organic 
matter increased concurrently. While this relationship was strongest for the
25
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natural wetlands (BF P  < 0.0001, CA P < 0.0001) it was also observed for 
Clover-Groff (P = 0.01), though the r2 value for this site was poor (Fig 8).
When methane oxidation potential was expressed per gram of organic 
matter content in the soil, there was no longer a significant relationship between 
methane oxidation potential and soil moisture (Fig 9).
figure 4. Relationship between aboveground biomass and methane production 
potential. Values in legend are p-values and r2 results from regression analysis
figure 5. Relationship between aboveground biomass and methane oxidation 
potentialValues in legend are p-values and r2 results from regression analysis









•  BF 0.02,0.28 




















figure 6. Relationship between soil moisture and methane oxidation potential. 












figure 7. Relationship between organic matter and methane oxidation potential. 
Values in legend are p-values and r2 results from regression analysis (P, r2).
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figure 8. Relationship between soil moisture and soil organic matter. Values in 
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figure 9. Relationship between methane oxidation expressed per gram organic 
matter content, and soil moisture expressed per gram soil.
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CHAPTER IV
DISCUSSION
The diversity of wetland plants showed no relationship with rates of 
potential methane production or oxidation. Methane production and oxidation 
potential varied widely across a range of wetland plant diversity. Because there 
was no significant difference in Shannon diversity among all four wetlands, the 
lack of a trend was not due to differences in diversity among wetlands or a lack of 
a diversity gradient within wetlands. Differences in aboveground biomass could 
not explain the variation in rates of methane production or oxidation.
Furthermore, the low rates of methane production and the differences in methane 
oxidation between created and natural wetlands could not be explained by 
Shannon diversity or aboveground biomass. Instead, a distinguishing variable 
was whether the wetland was created or natural. While this study did not sample 
a large number of wetlands, the differences between wetland types were 
pronounced and distinct, even though the sample unit was small. In addition, 
differences in soil properties explained differences in methane oxidation between 
sites.
Soil properties and site-specific conditions can produce orders of 
magnitude differences in rates of microbial activity (D’Angelo and Reddy 1999). 
Disimilarities between the created and natural wetlands suggest that created 
wetlands do not resemble natural ones in terms of their soil properties.
Compared to the created wetlands, the natural wetland soils were more
29
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
saturated, more acidic, and had greater organic matter content. These findings 
are supported by previous research that has found critical structural differences 
between created and natural wetlands in terms of hydrology (Confer and Niering 
1992, Shaffer et al. 1999, Cole and Brooks 2000, Hoeltje and Cole 2007), soil 
properties (Bishel-Machung etal. 1996, Cole etal. 2001, Campbell et al 2002, 
Bruland etal. 2006), and vegetation (Confer and Niering 1992, Cole etal. 2001, 
Campbell et al. 2002).
Moisture is a critical factor influencing soil microbial activity. This study 
found that the upper depth of the soil, where we expect aerobic conditions and 
methanotrophy to occur, were wetter; whereas the deeper soils, where we expect 
anaerobiosis and methogenesis to occur, were drier. Such a scenario may be 
expected in wetland soils where standing water is prevalent, but there was no 
standing water at any of the sampling sites at the time this study was conducted. 
While soil saturation is conducive to anoxic conditions, the microbial community 
may react to site conditions in dynamic ways.
Different types of microbes are active under different soil conditions. For 
example, in soils, aerobic methanotrophic bacteria can outcompete nitrifying 
bacteria when oxygen is in high abundance (Megraw and Knowles 1987). And a 
study of moisture control over atmospheric methane oxidation in Alaskan wetland 
soils found that wetland methanotrophs were less sensitive to changes in soil 
water holding capacity (WHC) than upland methanotrophs (Gulledge and 
Schimel 1998). Alaskan wet meadow soils were able to oxidize atmospheric 
methane at high moisture contents and were relatively insensitive to drying,
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whereas upland soils had a narrow optimum moisture range (Gulledge and 
Schimel 1998). This research may apply to the current study, because natural 
wetlands had significantly wetter soils with significantly greater methane 
oxidation than the created wetlands. However, created wetland soils were drier 
and may more closely resemble upland soils in terms of the sensitivity of the 
methanotrophs in these soils to dry conditions. At the created wetlands sites, the 
soils were observed to be gravelly and sandy (Clover Groff) or clayey (Big 
Island). Campbell et al. (2002) compared soils in natural and created wetlands 
and found the created wetlands to have sandy clay loam textures with high rock 
fragment content, while the natural ones were predominantly clay loam with high 
silt content. This suggests soils in created wetlands are more characteristically 
and functionally similar to upland soils.
Though soil moisture was different between the two sampling depths, 
there was no difference in methane production and oxidation rates between the 
two depths. Therefore, differences in moisture due to depth were not related to 
function, while moisture differences between created and natural wetlands were.
Dominant factors that are known to control methanogenesis include redox 
conditions, water-table level, vegetation, microbial population, pH, nutrient 
availability, and temperature (Megonigal et al. 2004). Methanotrophy is largely 
controlled by factors influencing production, and is determined by methane being 
produced at depth and diffusing to the oxidized zones of higher redox potential. 
While increased concern over methane as a greenhouse gas has resulted in 
numerous studies on methanogenesis, rates are highly variable across studies
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(for review see Gutknecht et al. 2006). Conversely, methanotrophy in freshwater 
wetlands has not been widely studied, but rates are generally found to be lower 
than methane production (Le Mer and Roger 2001, for review see Gutknecht et 
al. 2006). Furthermore, these processes vary between wetland types, 
emphasizing the need for further research on what controls methane dynamics in 
freshwater wetlands specifically. My study attempted to do just that by 
investigating the role of plant diversity in determining methane production and 
oxidation.
It is difficult to compare the lab-measured potentials from this study with in 
situ methods at a number of diverse sites. Still, a study by Megonigal and 
Schlesinger (2002) employed a similar methodology to measure methane 
production and oxidation rates in North Carolina tidal freshwater wetlands, except 
that soils were collected as intact cores and divided into four depths (5 ,10 , 20, 
and 30 cm). The study sampled at two reaches of a tidal freshwater swamp, a 
upper site and a lower site with respect to the tide line. At the upper site, 
Megonigal and Schlesinger found methane production rates ranged from 2.8 to 
25.3 ng CH4 g' 1 h' 1 and varied across the four depths. Methane oxidation rates 
ranged from 0.5 to 2.3 ng CH4 g"1 h"1 and decreased linearly with depth. Methane 
production potential rates in the present study were below the range measured 
by Megonigal and Schlesinger (2002). While methane oxidation potential rates in 
the created wetlands coincided with Megonigal and Schlesinger’s results, the 
natural wetlands used in the present study had higher oxidation rates outside of 
their range. Differences in flooding and soil temperature between the two sites
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explained differences in their respective methane oxidation and production 
capacity. Despite year-round tidal flooding, the soil surface at the upper reach 
was exposed 20% more than the lower reach, and had 27% greater methane 
oxidation capacity, a deeper depth of peak methane production, and flood- 
tolerant plant species. Increasing soil moisture resulted in low methane oxidation 
rates, while warmer soils had higher rates. While soil moisture proved to be 
important in this study, there was no mention of organic matter to compare with 
the results of the present study.
The low methane production potentials measured in the present study 
may be due to a lack of methanogenic bacteria, or inactive populations of 
methanogens in our laboratory-incubated soils. Basiliko et al. (2003) measured 
potential methane emissions and characterized methanogen communities in two 
northern peatland ecosystems. Basiliko et al. found that the site with greater 
methane production and emission had a more pronounced dominance of a few 
methanogenic taxa, whereas the site with limited production had a more even 
distribution of methanogenic taxa. Therefore, sites with both high and low rates of 
production supported diverse methanogenic communities. This would suggest 
that different sites can support phylogenetically similar microorganisms, but their 
function may be distinct depending on the environment.
While the present study did not attempt to characterize the soil microbial 
community, future studies should consider doing so. In light of Basiliko et al.’s 
research, it is possible that methanogens and methanotrophs are present in both 
the created and natural wetlands used in this study, but they may function
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
differently due to environmental constraints. Conversely, created wetlands that 
more closely resemble upland soils may have dissimilar microbial communities 
compared to natural wetlands and their distinct soil characteristics.
This study was conducted in “fringe communities” of the wetlands, where 
water levels are more prone to fluctuations in the duration and amplitude of 
flooding. Water regime affects plant community composition and structure, and 
thus influences soil nutrient cycling, such as methane dynamics. The duration 
and amplitude of flooding, and the flood tolerance of wetland plant species 
determines the distribution of wetland plants, seedling recruitment, and 
community composition (Seabloom etal. 1998, Casanova etal. 2000). Important 
environmental factors that constrain species distributions also change along a 
water depth gradient, such as light, soil nutrients, and soil chemical properties 
(Seabloom etal. 1998). This study isolated some of these variables by sampling 
in areas of wetlands with mixed functional group diversity, which occur where 
deep-water and long-duration flooding is absent.
Wetland plants have been widely recognized for their importance in 
methane dynamics, including production, consumption, and transport (Whiting 
and Chanton 1992, Joabsson etal. 1999, Strom etal. 2003). Aboveground plant 
parts photosynthetically derive carbon and tranlocate it to their roots and the 
surrounding soil. Some plants also act as conduits to directly supply oxygen to 
their roots and release methane to the atmosphere. The release of oxygen and 
root exudates from belowground plant structures is responsible for increased 
microbial activity in the rhizosphere (Van Veen et al. 1989, Strom et al. 2003).
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However, this relationship is dynamic, and while carbon substrates and the 
delivery of oxygen to the rhizosphere may fuel functional processes, they can 
also lead to the inhibition of methanogenesis and methanotrophy (Chanton and 
Dacey 1991, Watson et al. 1997, Frenzel 2000, Strom et al. 2003, Smialek et al. 
2006). Further investigation of the belowground plant dynamics at the sites used 
in the present study, such as belowground biomass and carbon substrates in the 
soil, would allow further inferences to be made.
Though this study selected sampling sites to represent a diversity gradient 
in each wetland, a few species (Iris versicolor, Leersia orizoides, Carex 
vulpinoidea) accounted for a disproportionate amount of aboveground biomass at 
some sites. Boutin and Keddy’s (1993) functional classification system 
designates all of these species as tussocks. Boutin and Keddy describe tussocks 
as an interstitial species, having a clumped growth form, shallow rooting depth, 
and being more compact in their belowground structures.
While aboveground plant diversity and biomass were considered, the 
scope of this study did not quantify belowground biomass (for data see Schultz). 
Measures of belowground biomass may be helpful to explain our laboratory- 
measured process rates, given that aboveground and belowground plant 
characteristics may determine soil properties, thus influencing methane 
production and oxidation potentials. Several studies have concluded that 
wetlands plants increase allocation to aboveground biomass in response to 
increased water depth (see Geoff et al. 2006). Because the sampling sites I used 
were located in fringe communities, where water depth is compromised, it is
35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
possible that a greater proportion of total plant biomass was allocated to 
belowground structures.
I observed a strong relationship between soil moisture and methane 
oxidation potential in the natural wetland soils. However, this correlation was not 
observed in the created wetlands. Compared to the created wetlands, the natural 
wetlands were wetter with more organic matter content. One site (Calamus) had 
less aboveground biomass than a created site (Clover Groff). The sites with 
these conditions had more methane oxidation than the created sites. The created 
wetlands were drier with less organic matter content, and had significantly less 
methane oxidation. This is unexpected, given that wetter conditions tend to favor 
anaerobiosis, while methane oxidation is an aerobic process. This may suggest 
that belowground structures are more important in the natural systems, thus 
supplying oxygen to the rhizosphere of wet soils where anaerobic sites are more 
likely to occur due to saturation. However, soil moisture and organic matter 
increased concomitantly. There was also a positive correlation between methane 
oxidation and soil organic matter. Organic matter content of these soils is formed 
by the decomposition of aboveground biomass and roots, and is promoted by soil 
moisture. But while both soil moisture and organic matter content had a 
significant relationship with methane oxidation, organic matter content appeared 
to be the more important of the two. When methane oxidation potential was 
expressed per unit of organic matter, there was no longer a significant 
relationship between methane oxidation and soil moisture. This suggests that
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organic matter content had a greater influence on methane oxidation potential 
than did moisture.
Because the created wetlands are only seven years old, the soils at these 
sites are still ecologically immature and may not have time to form soils that are 
comparable to natural wetlands. Campbell et al. (2002) have suggested that 
wetland age is likely the reason for differences in physical characteristics (soil 
texture and organic matter) between created and natural wetlands. Furthermore, 
Mitsch and Wilson (1996) reported the need for long-term monitoring of 
mitigation wetlands if they are to be ‘in kind’, both physically and functionally, with 
natural wetlands, as federal laws declare.
The results of my research support the growing concern for inadequate 
wetland mitigation, and suggest that plant diversity may not be a key feature to 
restore function in created wetlands. Rather, created wetlands do not replace 
natural wetlands in terms of function and soil properties, despite supporting a 
range of plant diversity.
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CHAPTER V
CONCLUSION
In conclusion, the results of this study do not support my original 
hypothesis that methane production and oxidation potential rates will be 
positively correlated with plant diversity. Instead, this study suggests that soil 
properties (soil moisture and organic matter content) and wetland type (created 
or natural) are more directly linked to wetland function, while plant diversity may 
be indirectly linked due it interplay with these factors. Furthermore, this study 
supports a growing body of research that concludes created wetlands are not 
structurally or functionally equivalent to the wetlands they replace, even after 
nearly a decade of establishment. Future research should consider soil microbial 
community composition under different plant community composition scenarios, 
in addition to measuring functional rates.
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This table contains methane oxidation data used to calculate methane oxidation potential rate. Methane data is 
shown in mg CHUg'1. Bold-type indicates the data is from a re-run incubation. Regression values that were less than 0.70 
were not accepted and a re-run incubation was performed. An exception was made for regression values that were less 
than 0.70 but had a slope that was not significantly different from zero. An exception was also made when an outlying 
data point could be dropped to obtain and acceptable r2 value. These points were not included in regression analysis and 









BF 1 0-10 36479.40 46245.56 49442.81 61687.51 0.96 1176.00
BF 2 0-10 21099.62 26681.58 52473.77 39597.57 0.30 891.28
BF 3 0-10 33469.71 39858.70 40321.27 56303.46 0.97 1109.10
BF 4 0-10 17455.09 21168.19 21432.70 25577.54 0.92 368.83
BF 5 0-10 21443.26 28092.27 73378.47 70000.51 0.62 2482.50
BF 6 0-10 56917.60 78325.93 46175.37 173959.09 0.76 5887.80
BF 7 0-10 81340.18 94795.11 121407.81 133206.50 0.85 2538.30
BF 8 0-10 61213.28 64938.51 76058.98 113075.48 0.98 2711.80
BF 9 0-10 33396.13 31819.42 74327.44 91968.11 0.83 3165.90
BF 10 0-10 49216.70 76982.28 86065.51 112421.51 0.92 2890.20
BF 11 0-10 25510.88 31604.86 47016.79 34140.10 0.11 353.46
BF 12 0-10 33698.71 40081.25 43808.32 55994.84 0.99 1080.50
BF 13 0-10 23265.49 21590.00 40232.50 50028.52 0.85 1463.70
BF 14 0-10 23207.19 23578.99 19170.65 36574.03 0.66 2711.80
BF 15 0-10 15219.39 17456.93 23331.47 24716.20 0.70 1346.30
BF 17 0-10 76800.41 119402.12 139457.15 177858.53 0.91 4653.10











BF 19 0-10 57814.68 47852.92
BF 1 10-30 19637.78 24678.78
BF 2 10-30 16642.33 20688.45
BF 3 10-30 23142.01 25668.95
BF 4 10-30 15994.31 19825.35
BF 5 10-30 14101.66 13849.85
BF 6 10-30 42990.13 39740.92
BF 7 10-30 79220.86 104185.29
BF 8 10-30 27315.19 35059.72
BF 9 10-30 24516.50 22968.14
BF 10 10-30 48425.45 65137.69
BF 11 10-30 20737.01 23085.57
BF 12 10-30 20582.48 18406.01
BF 13 10-30 no data
BF 14 10-30 11801.06 15537.87
BF 15 10-30 24076.76 28513.17
BF 17 10-30 49512.77 82568.15
BF 18 10-30 72437.22 69213.81
BF 19 10-30 57814.68 47852.92
CA 1 0-10 148748.98 191270.50
CA 2 0-10 69401.64 94468.82
CA 3 0-10 55401.71 76005.09
CA 4 0-10 39924.48 50521.29
CA 5 0-10 29906.51 35488.46
CA 6 0-10 21177.66 27102.21
CA 7 0-10 28866.35 33192.26
CA 8 0-10 37433.24 29927.45
CA 9 0-10 33100.93 45120.44
CA 11 0-10 30105.14 34139.83
CA 12 0-10 46691.46 51412.44
CA 13 0-10 0.71 0.98
CA 14 0-10 33601.15 33532.06
CA 15 0-10 25167.91 25438.48
52193.73 82946.10 0.70 1524.20
22641.08 25039.34 0.48 199.35
21517.25 28210.14 0.97 547.45
24326.57 28130.86 0.80 222.14
18290.15 19852.71 0.43 138.29
14259.85 18448.81 0.87 237.38
42968.25 71083.22 0.85 1563.00
97689.35 151651.29 0.93 3434.40
35501.51 44073.78 0.92 759.49
25010.96 37870.90 0.86 743.06
77854.09 86423.06 0.83 1737.20
23506.77 15538.89 0.57 -320.41
20619.71 26633.59 0.79 363.03
14097.00 11754.53 0.10 -69.22
25074.89 34034.02 0.76 454.20
73433.97 108342.00 0.83 2561.30
74898.43 87143.86 0.87 845.42
52193.73 82946.10 0.60 3728.40
258812.53 383898.40 0.99 11838.00
97788.17 148966.53 0.98 381.80
77000.02 108591.25 0.95 2481.50
62412.58 81467.10 0.98 2036.30
41049.10 65274.75 0.99 1795.00
29775.31 52418.05 0.98 1567.80
28836.87 51495.39 0.83 1135.00
60797.55 87996.63 0.88 2842.80
54591.67 106384.31 0.99 3711.30
39068.64 57644.08 0.99 1403.30
67271.58 74578.20 0.86 1409.60
1.02 1.51 0.97 0.04
35058.55 37727.41 0.96 222.28
27455.28 37047.24 0.95 631.56
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CG 4 10-30 14834.40 15748.90
CG 5 10-30 0.28 0.28
CG 6 10-30 19959.49 24990.84
CG 7 10-30 11343.73 11901.03
CG 8 10-30 10871.40 11547.83
CG 9 10-30 22484.30 25419.48
CG 10 10-30 14740.72 16075.29
CG 11 10-30 15891.40 24518.51
CG 12 10-30 18655.32 17266.71
CG 13 10-30 16340.69 15914.36
CG 14 10-30 11562.81 12175.95
CG 15 10-30 13858.97 13583.07
CG 16 10-30 8894.60 11189.64
C/1L/\
18833.59 15982.05 0.05 45.15
0.31 0.32 0.87 0.00
21568.83 23850.34 0.21 118.59
14504.66 14506.72 0.67 159.49
13008.56 13849.06 0.88 147.44
24809.74 24045.78 0.05 31.24
13804.56 19451.51 0.64 228.53
23753.07 22793.17 0.22 215.68
15094.28 19495.93 0.10 69.83
17238.89 17898.34 0.78 91.06
13081.98 14583.10 0.99 150.85
14380.98 18192.96 0.91 237.10












Carbon dioxide measured under anaerobic conditions
This table contains carbon dioxide data measured under anaerobic conditions. Carbon dioxide was measured at 
the same time as methane, but the data was not used to address the goal of this research. Bold-type indicates the data is 
from a re-run incubation. The quality of the methane data determined what soils were rerun. When soils were reanalyzed 
for methane, carbon dioxide was determined as well and this data was used if an lv a lu e  of greater than 0.70 was 









BF 1 0-10 105458.44 114700.54 119948.24 113212.79 0.3773 118.79
BF 2 0-10 69431.953 87093.13 65021.645 93843.87 0.2286 213.18
BF 3 0-10 43675.521 63690.647 68825.861 81944.807 0.9498 499.76
BF 4 0-10 51575.671 41442.544 55934.813 61493.037 0.4537 184.35
BF 5 0-10 46461.313 61292.05 204990.85 101770.98 0.3125 1290.1
BF 6 0-10 46461.313 61292.05 204990.85 101770.98 0.3125 1290.1
BF 7 0-10 177292.93 207650.26 307473.58 283518.33 0.7708 1743.7
BF 8 0-10 92497.741 115613.05 156213.32 167348.07 0.9601 1104.8
BF 9 0-10 93365.948 147175.73 316415.44 213467.89 0.5066 2206.4
BF 10 0-10 152718.12 187868.38 164932.51 236897.92 0.6359 956.68
BF 11 0-10 43600.577 48266.221 56824.473 58664.585 0.9499 223.96
BF 12 0-10 43076.172 61638.01 70461.386 71368.801 0.849 390.42
BF 13 0-10 37565.985 44820.958 77883.664 56005.936 0.4205 368.26
BF 14 0-10 185809.38 269316.71 359774.14 391267.99 0.9655 2945.1
BF 15 0-10 24106.029 32791.094 35084.766 43942.546 0.9579 257.51
BF 17 0-10 150963.23 207971.03 222361.5 260143.01 0.9496 1424.7
BF 18 0-10 180168.97 178284.46 184044.06 198815.92 0.7327 257.09











BF 1 10-30 54331.105 56772.371 58507.368 60563.396 0.9957 85.133
BF 2 10-30 716764.95 77445.326 70644.529 73208.09 0.6052 -8072.8
BF 3 10-30 32851.257 36663.996 42950.535 40633.7 0.7387 123.47
BF 4 10-30 51575.671 41442.544 55934.813 61493.037 0.4537 184.35
BF 5 10-30 25989.987 29888.251 33696.47 38453.906 0.9972 171.67
BF 6 10-30 25989.987 29888.251 33696.47 38453.906 0.9972 171.67
BF 7 10-30 155092.33 176408.51 224911.98 220114.74 0.8571 1014.9
BF 8 10-30 48998.803 64588.683 81058.713 86261.813 0.9599 534.41
BF 9 10-30 43451.992 51163.864 59557.688 64607.456 0.9901 299.42
BF 10 10-30 162176.05 192525.12 216789.9 183521.57 0.2541 367.92
BF 11 10-30 30761.547 31222.507 34272.728 33705.475 0.7632 49.508
BF 12 10-30 20929.426 33314.288 25188.481 30989.386 0.2575 91.892
BF 13 10-30 no data
BF 14 10-30 33372.929 35053.558 44020.325 43254.261 0.8235 160.88
BF 15 10-30 no data 16258.248 20374.094 24437.216 1 170.4
BF 17 10-30 128323.52 176311.6 174492.09 227812.26 0.8875 1236
BF 18 10-30 146981.45 141769.51 141404.48 181962.73 0.4815 435.75
BF 19 10-30 117418.89 164416.35 170273.57 174527.43 0.7458 736.26
CA 1 0-10 199064.12 327045.11 449794.87 411435.49 0.7802 3166.1
CA 2 0-10 180802.77 220228.26 259400.74 249151.89 0.8017 1017.6
CA 3 0-10 128763.88 216710.93 263076.84 249498.26 0.7629 1702.4
CA 4 0-10 68210.983 91318.088 104302.75 136983.53 0.9727 913.76
CA 5 0-10 77931.256 92748.224 107209.82 125856.9 0.9963 0.0117
CA 6 0-10 41103.896 55495.134 57167.516 79534.877 0.9051 487.36
CA 7 0-10 33872.32 45050.052 64062.039 69285.161 0.9605 521.88
CA 8 0-10 68909.222 76545.421 113768.87 124629.29 0.9292 851.6
CA 9 0-10 79524.948 118213.09 118341.81 152098.74 0.899 907.71
CA 11 0-10 66176.972 59321.352 63360.444 73362.497 0.3119 106.65
CA 12 0-10 80984.548 90633.766 82340.824 100186.03 0.5162 205.46
CA 13 0-10 65678.948 84263.13 105605.46 121425.62 0.997 785.76
CA 14 0-10 69309.938 51063.423 52058.92 63851.2 0.0491 64.086
CA 15 0-10 23009.39 32415.983 40569.444 41291.095 0.9053 262.49
CA 16 0-10 45016.787 58382.71 66322.15 70887.822 0.9492 356.47
CA 1 10-30 53507.849 63172.268 81053.331 93589.237 0.9883 575.52
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Carbon dioxide measured under aerobic conditions
This table contains carbon dioxide data measured under aerobic conditions. Carbon dioxide was measured at the 
same time as methane, but the data was not used to address the goal of this research. Bold-type indicates the data is 
from a re-run incubation. The quality of the methane data determined what soils were rerun. When soils were reanalyzed 
for methane, carbon dioxide was determined as well and this data was used if an revalue of greater than 0.70 was 









BF 1 0-10 36479.40 46245.56 49442.81 61687.51 0.96 1176.00
BF 2 0-10 21099.62 26681.58 52473.77 39597.57 0.30 891.28
BF 3 0-10 33469.71 39858.70 40321.27 56303.46 0.97 1109.10
BF 4 0-10 17455.09 21168.19 21432.70 25577.54 0.92 368.83
BF 5 0-10 21443.26 28092.27 73378.47 70000.51 0.62 2482.50
BF 6 0-10 56917.60 78325.93 46175.37 173959.09 0.76 5887.80
BF 7 0-10 81340.18 94795.11 121407.81 133206.50 0.85 2538.30
BF 8 0-10 61213.28 64938.51 76058.98 113075.48 0.98 2711.80
BF 9 0-10 33396.13 31819.42 74327.44 91968.11 0.83 3165.90
BF 10 0-10 49216.70 76982.28 86065.51 112421.51 0.92 2890.20
BF 11 0-10 25510.88 31604.86 47016.79 34140.10 0.11 353.46
BF 12 0-10 33698.71 40081.25 43808.32 55994.84 0.99 1080.50
BF 13 0-10 23265.49 21590.00 40232.50 50028.52 0.85 1463.70
BF 14 0-10 23207.19 23578.99 19170.65 36574.03 0.66 2711.80
BF 15 0-10 15219.39 17456.93 23331.47 24716.20 0.70 1346.30
BF 17 0-10 76800.41 119402.12 139457.15 177858.53 0.91 4653.10











BF 19 0-10 57814.68 47852.92
BF 1 10-30 19637.78 24678.78
BF 2 10-30 16642.33 20688.45
BF 3 10-30 23142.01 25668.95
BF 4 10-30 15994.31 19825.35
BF 5 10-30 14101.66 13849.85
BF 6 10-30 42990.13 39740.92
BF 7 10-30 79220.86 104185.29
BF 8 10-30 27315.19 35059.72
BF 9 10-30 24516.50 22968.14
BF 10 10-30 48425.45 65137.69
BF 11 10-30 20737.01 23085.57
BF 12 10-30 20582.48 18406.01
BF 13 10-30 no data
BF 14 10-30 11801.06 15537.87
BF 15 10-30 24076.76 28513.17
BF 17 10-30 49512.77 82568.15
BF 18 10-30 72437.22 69213.81
BF 19 10-30 57814.68 47852.92
CA 1 0-10 148748.98 191270.50
CA 2 0-10 69401.64 94468.82
CA 3 0-10 55401.71 76005.09
CA 4 0-10 39924.48 50521.29
CA 5 0-10 29906.51 35488.46
CA 6 0-10 21177.66 27102.21
CA 7 0-10 28866.35 33192.26
CA 8 0-10 37433.24 29927.45
CA 9 0-10 33100.93 45120.44
CA 11 0-10 30105.14 34139.83
CA 12 0-10 46691.46 51412.44
CA 13 0-10 0.71 0.98
CA 14 0-10 33601.15 33532.06
CA 15 0-10 25167.91 25438.48
CA 16 0-10 21411.69 26971.62
52193.73 82946.10 0.70 1524.20
22641.08 25039.34 0.48 199.35
21517.25 28210.14 0.97 547.45
24326.57 28130.86 0.80 222.14
18290.15 19852.71 0.43 138.29
14259.85 18448.81 0.87 237.38
42968.25 71083.22 0.85 1563.00
97689.35 151651.29 0.93 3434.40
35501.51 44073.78 0.92 759.49
25010.96 37870.90 0.86 743.06
77854.09 86423.06 0.83 1737.20
23506.77 15538.89 0.57 -320.41
20619.71 26633.59 0.79 363.03
14097.00 11754.53 0.10 -69.22
25074.89 34034.02 0.76 454.20
73433.97 108342.00 0.83 2561.30
74898.43 87143.86 0.87 845.42
52193.73 82946.10 0.60 3728.40
258812.53 383898.40 0.99 11838.00
97788.17 148966.53 0.98 381.80
77000.02 108591.25 0.95 2481.50
62412.58 81467.10 0.98 2036.30
41049.10 65274.75 0.99 1795.00
29775.31 52418.05 0.98 1567.80
28836.87 51495.39 0.83 1135.00
60797.55 87996.63 0.88 2842.80
54591.67 106384.31 0.99 3711.30
39068.64 57644.08 0.99 1403.30
67271.58 74578.20 0.86 1409.60
1.02 1.51 0.97 0.04
35058.55 37727.41 0.96 222.28
27455.28 37047.24 0.95 631.56
27490.28 44012.63 0.97 1111.50
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Shannon diversity and aboveground biomass 
Data from Rachel Schultz, 
Ohio State University
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